Abstract Provides a summary of recycled water use in California, illustrating the evolution of its application from individual projects for nearby users, to city-wide and district programs. Presents three detailed case studies of recent water recycling projects: the West Basin Water Recycling project in Los Angeles County, the South Bay Water Recycling project in Santa Clara County, and several projects in Marin County. Barriers to recycled water projects include the cost, institutional barriers that separate water supply and wastewater functions, slow regulatory response in permitting, recognizing new technology and expended uses, and educating stakeholders. From the case studies, common elements to successful implementation demonstrate the importance of working with numerous stakeholders throughout the process and addressing their concerns, creating new institutional partnerships, educating stakeholders to bring actors together, market services, and engender support, acquiring financial assistance and providing incentives and, finally, relying on large volume users to support a more cost-effective design.
Background to California's experience In California, water recycling, or the beneficial use of reclaimed water, involves the reuse of treated wastewater for non-potable or indirect-potable uses. Recycled water has been used as planned non-potable water supply in California for over a century, beginning in the 1880s, when raw wastewater was used to irrigate orchard crops. By the mid-1990s, nearly 600 million cubic meters of treated wastewater was being used annually for agriculture, landscape irrigation, groundwater recharge, environmental needs, and urbanbased uses such as landscape irrigation and industrial processes (see Table I and Figure 1 ). In the last 20 years, the number of water-recycling projects and the volumes recycled have significantly increased. A comparison of recent surveys shows the growth in total volume of reuse from 1987 to 1995. While agricultural irrigation and groundwater recharge continue to be the largest volume uses for recycled water, recycled water use has grown in volume in nearly all other categories of use.
Cities and water districts in California are increasingly turning to recycled water as a source of supply as access to new supplies of fresh water becomes more constrained. In California, the State Water Resources Control Board regulates the production, conveyance, and use of recycled water through its nine Regional Water Quality Control Boards. Uses for recycled water are governed by Title 22 Wastewater Reclamation criteria in the California Code of Regulations. Title 22 allows recycled water uses, depending on the level of treatment, for agriculture irrigation, groundwater recharge, landscape annually. In Monterey County, the Monterey Regional Water Pollution Control Agency and Monterey County Water Resources Agency are cooperating in a US$75 million regional water-recycling project to ultimately provide around 20 million cubic meters of water annually for nearly 5,000 hectares of farmland. This would replace groundwater pumping from a coastal aquifer that is overdrafted and suffering from seawater intrusion. The Irvine Ranch Water District in southern California has promoted broad use of recycled water for urban landscaping for nearly 30 years and now also provides recycled water for commercial high-rises to flush toilets. The East Bay Municipal Utility District in northern California has worked with industry to develop a recycling project to serve cooling water needs for oil refinery operations. As the cost of potable supplies increases, recycled water projects will increasingly become more viable economic alternatives for stretching California's freshwater resources.
On the financial side, benefits of the recycled water projects are clear but not always easy to value in a purely economic fashion. Water recycling may not be the least-cost alternative in traditional economic terms, but it offers long-term economic benefits of future reliability and/or environmental benefits that other alternatives may not offer. Additionally, projects provide environmental benefits in terms of reducing wastewater flows and substituting for potable supplies. The sharing of these kinds of costs or the recovery of these values continues to be difficult. Most often, the costs are borne by those undertaking the project. While the long-term benefits may be clear, they do not always accrue to the entity financing the project, nor can the organization always afford the initial capital costs. Finding partnerships can help share costs, and this is where it is particularly important to make the connection between wastewater and water supply and the benefits that accrue to both.
Overcoming traditional institutional barriers that separate wastewater and water-supply functions is important for cost-sharing reasons. Additionally, it allows for better identification of benefits and cooperative exploration of a more comprehensive alternative that can serve both wastewater and water-supply needs. Finally, as projects seek to expand water reuse options, it becomes increasingly important that the science and regulations keep pace with identifying, verifying, and permitting the safe practice of new uses.
The case studies
The three case studies presented below illustrate some common themes in water recycling in California. Water-recycling projects continue to be motivated by both water supply enhancement and wastewater volume reduction goals. Common elements to successful implementation demonstrate the importance of working with the numerous stakeholders throughout the process and bringing them in as early as possible. Successful projects spent considerable time identifying the stakeholders and working with them to address their concerns. Particular attention was paid to working with water retailers and customers to address cost and revenue concerns. Each also established different forums to communicate and coordinate with stakeholders. Education played an important role in bringing actors together, marketing services, and engendering support. It was particularly important in securing the agreement of utilities and retailers to support the incentives, and in promoting water recycling among customers. Finally, projects relied on large volume users to support a more cost-effective design.
City of Santa Rosa Summary
The city of Santa Rosa has long adopted a water reuse program to accommodate growth and manage its wastewater program. Water recycling allows the city to meet wastewater discharge requirements that restrict the amount of effluent that can be discharged to surface streams. It uses its tertiary-treated water to irrigate about 2,400 hectares of land in and around Santa Rosa. A principle that guides their recycled water reuse is to help support an agricultural greenbelt around the city that includes dairies, vineyards, and farms. Recycled water is also being used in an organic vegetable farm and a constructed wetlands project. To expand and further diversify its reuse options, the city recently approved a recharge project that will take reclaimed water year-round for recharging a steamfield for geothermal energy.
Background
The Laguna Wastewater Treatment Plant (WTP) treats wastewater collected from the cities of Santa Rosa, Rohnert Park, Cotati, and Sebastopol, from the South Park County Sanitation District, and septic systems from most of Sonoma County. The city of Santa Rosa is the managing partner of this subregional wastewater reclamation system. The city has a history of reuse, dating back to 1974, providing secondary-treated water for local agricultural uses. In 1978, WTP provided secondary-treated water to about 1,200 hectares of fodder and pasture for local dairies. In 1989 it expanded and upgraded its treatment process to tertiary treatment to increase disposal options.
Historically, water reuse has been driven by the area's need to meet wastewater discharge regulations. The Laguna WTP is currently permitted to treat 68,127 cubic meters per day (average dry-weather flow), and its annual average flow was 26.5 million cubic meters in 1994. It discharges into the Laguna de Santa Rosa and Santa Rosa Creek, which flows about 16 kilometers to the Russian River. The plant is only allowed to discharge to the Russian River when river flows are a minimum of 28 cubic meters per second (usually by November), and then only up to 1 percent of the river flow. Flows that exceed the discharge requirement must be stored. Laguna WTP has storage facilities that can hold about 5.7 million cubic meters of reclaimed water. The plant is not allowed to discharge into the Russian River at all from May 15 to October 1. Thus, during this period, tertiary-treated wastewater from the Laguna WTP has been directed to various water recycling projects in the area.
In fact, during the October 1 to May 15 discharge season, Laguna WTP has regularly sought a temporary increase to discharge up to 5 percent of Russian River flows. Difficulty meeting the current regulations (1 percent of flow limitation) and concerns about future growth (the plant expects wastewater flows to increase to over 30.3 million cubic meters per year) led the city to develop a long-term wastewater plan to address those needs. Maximizing reuse and water conservation were part of all long-term alternatives under consideration. In spring 1998, the city council approved the Geyers recharge alternative. This will involve providing an average of 41,633 cubic meters per day of recycled water for injection and recharge at the Geysers steamfield located in the Mayacamas Mountains northeast of Healdsburg, which is used as a source for geothermal energy. Provision of recycled water year-round would limit discharges into the Russian River to peak wet weather events.
Project description
Agricultural and landscape uses: the city of Santa Rosa reuse projects have always been primarily guided by wastewater disposal requirements. It has consciously sought to improve treatment practices to diversify and expand reuse opportunities. Laguna WTP's conversion to tertiary-treated water in 1989 increased the range of agricultural uses for its recycled water and, in 1995, they established UV treatment to eliminate the use of chlorine in disinfection processes. The treatment plant now provides water to about 1,660 hectares of fodder, sod and pasture, 202 hectares of urban landscaping, 283 hectares of vineyards, 101 hectares of row crops, and 2.8 hectares of organic vegetables. The row crops are primarily several varieties of squash; they are started with recycled water, and then switched to well water when the fruit sets. Agricultural water users take the recycled water free of charge. In fact, some of the earlier contracts were written with incentives ± farmers were paid to take a specified amount of recycled water for irrigation. Urban irrigators are provided with recycled water at a rate set at three-fourths the potable rate. To date, the demand for the plant's recycled water during the summer months is greater than the supply. The plant is able to store water (up to 5.7 million cubic meters) during the spring to provide additional recycled water during the irrigation season and provides an average of 13.6 million cubic meters per year for irrigation. New requests for service can only be granted if users are willing to provide for storage of the water during the wet season.
Kelly Farm demonstration marsh: the Kelly Farm demonstration marsh is one of several wildlife reserves that the city of Santa Rosa manages. In 1989, nearly 4.85 hectares of marsh in a 10.1 hectare setting was established as a test site to study additional beneficial uses for tertiary-treated reclaimed water. Reclaimed water is provided to create over 3.2 hectares of freshwater marsh, 1.2 hectares of open water, and about 0.5 hectare of seasonal wetland. The demonstration area also includes riparian woodland and shrub, grassland, and oak woodland. Water quality is monitored every two weeks. The tertiarytreated water meets all state and federal standards and is not expected to adversely affect wildlife at the wetland. However, it was feared that the recycled water contained constituents that could be toxic, accumulate in organisms, or over-stimulate the growth of aquatic life. Preliminary results of the chemical monitoring of water, sediment, and biological quality suggest no adverse effects. Toxic substances (primarily heavy metals) have not been found in elevated levels in the plants, animals, or sediments in the wetland.
As a disposal option, evaporation of recycled water in wetlands is considered beneficial. Moreover, unlike irrigated pasture, wetlands use water year-round. Based on the positive results from the demonstration project, the city has undertaken two more wetlands projects that will be supplied with recycled water.
Left Field Farm: in 1994, Ann Austin and Lawrence Jaffe approached the city of Santa Rosa to lease land and use recycled water to grow organic vegetables for direct human consumption. Their lease was approved in a public hearing by the Santa Rosa City Council. They must apply over 4,500 cubic meters of water per hectare annually, since the city's interest is wastewater disposal. As part of the lease, the city delivers pressurized reclaimed water directly to a sprinkler irrigation system that came with the land. In addition to the 2.3 hectares leased in 1994, the city just agreed to lease an additional 1.2 hectares that will also be served by recycled water.
Left Field Farm's neighbors are dairies, a cattle farm, and a poultry plant that also receive tertiary-treated water from Laguna WTP. The poultry plant gives chicken manure to Left Field Farm. Left Field Farm also takes compost from Sonoma Compost, the company that composts Santa Rosa's green waste. Sonoma Compost is considering using tertiary-treated water to irrigate its compost. Left Field Farm prides itself that it``closes the loop'' between city and farm by using reclaimed urban water and composted urban green waste to grow vegetables that it then sells directly back to the community.
Left Field Farm grows 47 varieties of vegetables with recycled water. The local climate allows them to grow``spring'' crops throughout the year, and the recycled water supply is sufficient to grow broccoli and cauliflower that nearby growers cannot produce. Eighty percent of Left Field Farm's sales are retail.
Left Field Farms is registered with the state's Department of Food and Agriculture as an organic farm, in accordance with the California Organic Food Act of 1990 [1] . If Left Field Farms wants its produce to be certified organic (as opposed to simply being labeled``organic''), the farm must be inspected and approved by an independent certifying organization [2] . The largest certifying body in the state, the California Certified Organic Farmers, has a policy denying certification to a farm where tertiary-treated water comes into contact with the edible portion of the crop [3] . Another certifying organization, Scientific Certification Systems (NutriClean), has accepted Left Field Farms' application for certification, and is checking that the water used and the crops grown on the farm meet all organic standards. When LFF's certification is complete, it will be the first certified organic farm to use tertiary-treated recycled water.
Geysers recharge project: Santa Rosa's recently approved Geysers project provides the city with a large year-round user for its recycled water supplies. The Geysers project, in fact, will compete with recycled water currently available for irrigation and will probably limit future agricultural uses. However, the project was conceived to continue to emphasize the benefits of reuse of wastewater and ensures that wastewater will be reused rather than discharged. It allows the Laguna WTP to approach its goal of 100 percent recycling.
Evaluation of success
Although Santa Rosa's primary motivation for supporting reuse projects has been a regulatory one ± to remain in compliance with its discharge permit ± the city has appreciated other benefits of reuse. Since the city of Santa Rosa's wastewater is treated to tertiary levels, its disposal and reuse options are quite broad. The city's use of recycled water was guided by the community's choice to surround the city with agricultural open space. Supplying low-cost water and leases to agricultural users also helps the city maintain a greenbelt that contributes to the cherished rural character of the area. If reclaimed water was not available, an alternative source of supply would have to be located, at substantial cost. Santa Rosa has been able to extend current uses of recycled water to create wetlands and support an organic farm.
Reuse projects have resulted in a more efficient use of water. Not only is water used more than once, but using recycled water for agriculture lessens some of the demand for surface or groundwater. In Santa Rosa, farmers along the creek banks previously pumped irrigation water directly from the creek or from private wells. Providing these farmers with reclaimed water has improved the natural flow of the creek. For farmers inland from the creek, reclaimed water has allowed them to irrigate and farm year-round instead of being restricted to dryland-cropping. Recycled water also allows for the formation of waterfowl habitat (duck ponds and other wetlands) that otherwise would not be possible for lack of adequate supplies.
West Basin recycling project Summary The West Basin Municipal Water District (WBMWD) was in the midst of California's 1987-1992 drought when its board of directors decided, in 1990, to establish a plan to drought-proof the basin. A key part of that plan was an over-US$200 million water-recycling project that would ultimately provide approximately 125 million cubic meters of recycled water annually, or nearly half of the basin's water needs.
The West Basin recycling project's treatment facilities were dedicated just four years after project conception in late 1994. Its first customer was connected in March 1995. Phase I of the project was completed in June 1996, and construction has commenced on Phase II. Phase I provides 18.5 million cubic meters of tertiary-treated water annually to over 100 industrial and landscape customers. Another 6.2 million cubic meters of water undergoes additional treatment and is provided to a seawater intrusion barrier operation. Phase II expands the tertiary-treatment plant capacity, and will provide for another 27 million cubic meters of recycled water deliveries annually, as well as an additional 3 million cubic meters of advanced-treated water to the seawater intrusion barrier project. Future phases will continue to expand deliveries. Developing this project required multiple partnerships, not only for financing, but also to carry out construction of facilities, market the recycled water, and even operate and maintain the facilities and infrastructure.
Background WBMWD is a public agency that provides wholesale water to local water utilities and municipal water departments. It provides about 80 percent of the water used in the district, providing imported and recycled water for 17 cities and unincorporated areas of southwest Los Angeles County in a 479km 2 area, and serving a population of 827,000 people (WBMWD, 1996) . The remaining water needs are met with local groundwater supplies. All imported water is purchased by WBMWD as a member agency of the Metropolitan Water District (MWD). These imported sources were increasingly expensive during dry periods, and WBMWD was seeking ways to develop alternative, droughtproof supplies.
In 1990, the city of Los Angeles' Hyperion Wastewater Treatment Plant produced about 1.5 million cubic meters of wastewater per day and discharged it into the Santa Monica Bay. The idea of using this wastewater as a local, nonpotable supply had floated around for some time. Acting on this idea required leadership with a shared vision of creating an alternative, drought-proof, dependable water source. In 1990, WBMWD's board of directors adopted a plan to respond to persistent droughts and to reduce dependence on imported water from MWD. A focal point of that plan was to develop a drought-proof supply through a water-recycling project. Leadership and commitment from the board were matched by the District's management and staff. Full implementation of the 123.3 million cubic meters per year recycling project is expected to:
. reduce dependence on imported water by 50 percent;
. provide an alternative, drought-proof, dependable water source;
. provide recycled water for injection into the West Coast Basin Sea Water Intrusion Barrier, preventing further saltwater contamination of the groundwater basin; and . reduce treated wastewater discharged by the city of Los Angeles into the Santa Monica Bay by 25 percent.
Project description
Project design and components: the project design includes three phases of expanded service (Table III) , with plans to ultimately provide 123.3 million cubic meters per year of recycled water. To expand uses, two levels of treatment were planned. First, tertiary treatment meets the state's standards for the broadest level of 40 specified non-potable uses. Two nitrification plants were required to meet additional treatment needs for industrial use at two of the District's oil refineries. Second, an advanced treatment facility treats the tertiary water further, using reverse osmosis membranes, to drinking water standards for potable use. The water from this facility is used for direct injection into the groundwater basin for the West Basin Sea Water Intrusion Barrier and must meet the higher standards required for water entering potable supplies. Phase I facilities produce about 24.7 million cubic meters of recycled water per year. Future phases would involve increasing treatment plant capacity and expanding the distribution system to bring more customers online.
Key to the design was identifying high volume users to ensure a high flow rate of water in the system, reduce operational difficulties, and allow planners to build for capacity. Smaller users could then be easily attached. Phase I is thus anchored around three primary users ± two oil refineries and the West Basin Sea Water Intrusion Barrier ± that total 75 percent of the anticipated use.
Meeting stakeholder concerns: partnerships and new institutional arrangements: developing this project required multiple partnerships, not only for financing, but also to carry out construction of facilities, market the recycled water, and even operate and maintain the facilities and infrastructure. The District had the benefit of following and learning from the efforts of the Central Basin Municipal Water District, which had embarked on its own waterrecycling program just two years prior.
An early partner in the project was MWD. MWD established a program in 1982 to assist the development of recycled water supply projects. It was premised on the belief that MWD needed to help its member agencies develop local supplies to meet its own mission of providing adequate supplies to those agencies. Under the program, MWD provides financial support to local agencies that develop recycled water projects that reduce the demand for imported water and improve regional water supply reliability. Thus, in 1990, MWD partnered with WBMWD to initiate planning studies for the waterrecycling project, by co-funding the initial Concept Planning Report.
The city of Los Angeles agreed to be a partner in the project by providing secondary-treated wastewater from the Hyperion Treatment Plant. WBMWD would purchase the wastewater from Hyperion and, in exchange, the city reserved the right to purchase up to 30.8 million cubic meters per year of recycled water at its discretion, as the project came online.
As a wholesaler, WBMWD required partnerships with the various cities, water utilities, and other water retailers to market recycled water to customers. The District established wholesale rates for recycled water well below potable water rates and urged utilities to pass the economic savings on to customers. WBMWD also worked directly to market recycled water to customers offering design, construction, and financial services to assist customers with retrofits.
For the most part, utilities and customers were receptive to the idea of using recycled water, but required varying degrees of education about its use, impacts on operations, and other regulatory and institutional requirements. Other than safety, health, and operational considerations, the prime concern was cost. Although recycled water would be marketed below potable water rates and, even though it offered clear savings, retrofit costs could prove prohibitive, particularly for cash-strapped school districts and other municipal users commonly targeted. Thus, it was important for WBMWD to offer financial assistance as well as design and construction services to assist with the retrofits. Financing the capital costs of retrofits for public entities is recouped through the base rate, which requires customers to pay at the potable water rate (above the recycled water rate) until the loan is repaid.
Other than the oil refineries and the seawater intrusion barrier, nearly all customers to date use the water for landscape irrigation. Other industrial and commercial use requires considerably more retrofit work and sometimes additional water quality treatment. Phase II of the project will continue to service landscape irrigation needs and will also expand industrial service to include other oil refineries and several fabric dye houses in the Torrance and Carson areas.
The newly built treatment facilities are currently staffed by a private sector operator, and the distribution system is maintained by the private and public water suppliers who already maintain water systems in these areas. Implementation: in four years, WBMWD brought a recycled water project from concept to groundbreaking ceremonies and actual delivery. The District completed the final design for the treatment facilities in December 1992, two and a half years after completion of the concept report for the project. Construction commenced in 1992, and treatment facilities were dedicated in October 1994. The first user was connected the following March. Today, the project delivers its Phase I capacity of over 24 million cubic meters per year, and planning, design and construction to increase the capacity of the treatment plant to 41.8 million cubic meters have recently been completed.
Financial considerations
The US$200 million Phase I of the project is supported by a grant from the US Bureau of Reclamation for 25 percent of the project costs, and a $5 million lowinterest loan from the State Water Resources Control Board, and the remaining costs are funded by the sale of revenue bonds. The debt service is largely supported through a per parcel standby charge which has been passed by the District board each year since 1991. The standby charge is a parcel tax charged to District landowners. Additional revenue is raised through fixed charges against the oil refineries for the cost of the nitrification treatment and delivery facilities, and a sea water barrier surcharge applied to the imported water sold for the West Coast Sea Water Intrusion Barrier. Revenues from recycled water sales and the rebate from MWD currently cover the project's operating and maintenance costs. It is expected that, as more customers are brought online, water sale revenues should cover the cost of the program, including the debt service.
Evaluation of success
Replacing potable water use: the project has substituted recycled water for potable water for use in landscaping, industrial uses, and the seawater intrusion barrier. The project's large-volume customers are the West Basin Sea Water Intrusion Barrier, and the area's oil refineries, which together account for 21.6 million cubic meters of the recycled water use. Users targeted for landscape irrigation are large turf areas, including school sites, city parks, and public and private golf courses. As of February 1998, over 25 million cubic meters were delivered annually to 102 sites (Table IV) .
Environmental benefits achieved: environmental benefits are achieved through reduced wastewater discharge. Wastewater deliveries from Hyperion decrease the discharge into the Santa Monica Bay. Further, increasing local supplies through water recycling reduces demand on imported sources and groundwater. The environmental benefits of this project prompted endorsements from environmental organizations throughout the county.
Searching for an equitable distribution of costs: because cost is such a large obstacle to recycled water development, supporters have long argued for the need for state and federal financial support. The broader benefits of developing recycled water as an alternative to new freshwater supplies would seem to justify public support, particularly when one considers that state and federal water projects are likely to bear the costs of developing additional supplies. Thus, the financial assistance from both the Bureau of Reclamation and the State Water Resources Control Board provided key funds to undertake the capital costs of the project.
Initially, the debt service on the capital is borne by the District's property owners since the debt service is recovered through the per-parcel standby charge. Eventually, the standby charge will be dropped when revenues from water sales are enough to cover the debt service. Some residents have chafed at this burden, and there is pressure on the District's board to drop the parcel charge. However, this is unlikely, since without the parcel charge the District would have to raise all water rates to meet debt service.
Some costs are shared by the utilities and MWD through recycled water sales and MWD's rebate. WBMWD's wholesale rate structure and retailer agreements to pass savings on to customers offer an economic incentive to switch to recycled water. Even with the economic incentive, the revenue from sales and the MWD rebate cover operation and maintenance costs. Thus, revenue from the rate base follows the``user pays'' principle in apportioning operation and maintenance costs.
Planning and management co-ordination: the project has spawned partnerships for the District with the city of Los Angeles' Hyperion Wastewater Treatment Plant, and the District's cities, utilities and customers. Not all cities or utilities are prepared or willing to take on a new service or deal with the new operational, institutional and regulatory requirements of using or delivering recycled water. However, for many the partnership makes sense. An additional source of water improves their ability to plan and manage resources in the future. As a drought-proof source, it offers greater flexibility and reliability during water-short periods. Planned deliveries of recycled water to the city of Los Angeles (part of the agreement with Hyperion) create an additional source for the city to meet its water needs in light of reduced deliveries from Mono Basin (as a result of the Mono Lake decision). Recycled The project involves building the distribution system and establishing the necessary partnerships with cities, water agencies, and customers to deliver up to 56,773 cubic meters per day (m 3 /d) of recycled water in Phase 1 at cost of US$140 million. Phase 2 would expand deliveries to up to 133,545 m 3 /d.
Background
The San Jose/Santa Clara Wastewater Pollution Control Plant (WPCP) serves over 1.2 million residents, businesses and industries in Santa Clara Valley. In 1997, it discharged about 510,954m 3 /d of tertiary-treated effluent into the southern end of San Francisco Bay. The southern part of the bay is considered an environmentally sensitive area, and the area of discharge, a salt marsh, is habitat for two federally designated endangered species ± the salt marsh harvest mouse and the California clapper rail. According to the RWQCB, freshwater effluent from the plant is converting the salt marsh into a brackish or freshwater marsh, destroying the natural habitat. In 1989, the RWQCB issued a Cease and Desist Order that specified that the Plant must reduce freshwater discharge to the South Bay during dry weather months[4], create or enhance salt marsh, relocate the plant discharge, or find other means to mitigate impacts of plant discharge on salt marsh in South San Francisco Bay.
Faced with the RWQCB's order, the city of San Jose developed an Action Plan, with three main elements:
(1) The purchase and restoration of South Bay marsh properties to mitigate past conversion. (2) The development of potable water conservation programs to reduce influent flows. (3) Water recycling to reduce effluent discharge to the Bay.
The South Bay Water Recycling Program (SBWR) is a joint effort by three cities (San Jose, Santa Clara, and Milpitas), five sanitation agencies, and retail water agencies, with financial assistance from the Santa Clara Valley Water District and US Bureau of Reclamation. Phase 1 will divert 56,773m 3 /d of treated effluent for approved recycled water uses in San Jose, Santa Clara, and Milpitas, with deliveries to expand to 113,545 m 3 /d in Phase 2 and up to 189,242 m 3 /d in the future (see Table V ). In addition to meeting the federal mandate, expansion of recycled water use provides an alternative water supply to meet the demands of planned growth; reduces sensitivity to decreased quantities of local and imported water during drought years; and prevents overdrafting of groundwater and potential subsequent ground subsidence by providing alternative supplies (SBWR, undated).
Description
Refining the design: early conceptions of the project proposed bringing customers closest to the plant online first and radiating outwards to virtually all large irrigation customers in the service area. Cost projections put that design at about US$500 million. The city commissioned a Blue Ribbon Committee and a Value Engineering Study to review the preliminary design and evaluate the viability, cost-effectiveness, and implementability of the plan. Both studies largely concurred with each other in their findings and resulted in redesign of the project.
The Value Engineering Study produced three major findings that resulted in redefining the project design:
(1) Small volumes are not cost-effective; it is best to connect the large customers first. (2) A single``trunk'' system is easier to operate that a``hub and spoke'' system with several dead-end branches. (3) Anticipate demand for higher quality water and thus adjust the pipeline size to increase capacity and decrease operating complexities.
The Blue Ribbon Committee (which also reviewed the Value Engineering Study) had similar findings regarding the scope of the design, and, in addition, noted that educating and signing up users required a great deal of effort. The committee recommended that staff be dedicated to public education and outreach and that the effort start immediately. As a result of the two studies, the project was redesigned to expand Phase 1 service to include a larger area and to target larger customers first. Smaller customers could then attach to the larger trunk line. Thus, instead of constructing the distribution as a hub radiating out, each main spoke would be developed separately .
Meeting stakeholder concerns: partnerships and new institutional arrangements: in undertaking the water-recycling project, the WPCP was entering the water supply business, quite different from its original mandate as a wastewater treatment plant. As a new entrant into wholesale service, SBWR needed to establish and develop new relationships with regulatory agencies, cities, water retailers and wholesalers, potential customers, and the public. In some cases, new legal vehicles were required, such as formal agreements with retailers and wholesalers already servicing the area. Key to the success of this project was identifying stakeholder concerns, coordinating, and cooperating with these other actors.
SBWR needed to establish partnerships with the various retail agencies serving the cities. These included municipalities and private water companies. The motivation for the cities was quite clear: their sanitation districts needed to assist the plant in meeting the wastewater discharge mandate, and this required the cooperation of retail water agencies to provide recycled water to customers. As retailers, cities and private water companies were primarily concerned with loss of revenue from potable water sales; thus, it was important to develop a revenue-neutral rate system for retailers.
SBWR agreed to index wholesale recycled-water rates to the price of untreated water from Santa Clara Valley Water District, the primary wholesaler of potable water supply. An additional discount would be offered, provided that the retailer passed the discount on to the customer. The steeper discount was designed to make recycled water available at a cost comparable to the customer's currently available water supply and to compensate for`s tart-up'' costs of retrofit and additional operating expenses. Customer classes were established for landscape irrigation, industrial processes and agricultural irrigation. Landscape irrigation was discounted by 25 percent; industrial processes and agricultural irrigation by up to 92 percent. The industrial discount reflected expectations that recycled water could require substantial additional treatment and therefore additional expense. The discount for agricultural users reflects the fact that most agricultural users were dependent on well water that is much lower in cost than potable deliveries.
SBWR also took responsibility for marketing the water to customers directly. The process of identifying customers paralleled the planning and design process. By the time Phase 1 construction began in 1996, numerous customers had already been secured. Participation in the project is voluntary at this time, and the SBWR timetable for implementation is very short. Thus, providing incentives was of utmost importance. Customers were largely concerned about costs and the impacts of recycled water on their operations. The discounted wholesale rates allow recycled water to be priced significantly below potable water, and SBWR offered grants and loans to assist with retrofiting costs.
Additionally, following the recommendations of the Blue Ribbon Committee, a Citizens Advisory Committee was established by SBWR to establish links with the broader public and community stakeholders. Members were selected and convened during the design phase of the project. The committee included representation from environmental groups, local universities, civic groups, youth sports programs, senior citizens, and neighborhood associations. The committee was designed to provide a forum for exchange of information between the program and the public. SBWR was able to explain the program goals and implementation plans and, in return, receive stakeholder input. The committee became an important part of public outreach activities, providing valuable input regarding public concerns and information needs for the project and in particular the construction disruptions. In addition, the committee developed its own outreach tools, often making use of their member organizations.
In 1993, the Santa Clara Valley Water District (SCVWD) established a rebate policy to assist water-recycling projects in its service area in recognition that recycled water offered an alternative water supply that avoided the need to acquire new supplies to meet increasing customer demand. SCVWD would offer a rebate equivalent to the difference between the cost of the recycled water and its next alternative source. By providing this rebate, SCVWD should be an important financial partner in the SBWR project. As the primary wholesale water agency for the region, SCVWD is in a position to link water supply and wastewater issues through its active participation in water recycling. SCVWD expects to continue to be involved in SBWR's Phase 2 efforts, as well as other water-recycling projects throughout its service area.
Implementation: construction began in July 1996, and the project delivered water through new pipelines in October 1997, with about one-third of the pipeline complete. Pipeline construction was completed in June 1998, and the two remote pumping stations were commissioned in September 1998. SBWR has already identified over 300 customers in the Phase 1 area. At this writing (September 1998), about 100 customer connections have been completed or are under construction; the remainder are under development. Online demand is about 30,279 m 3 /d. The project expects to deliver up to 56,773 m 3 /d by summer 1999.
Financing: the US$140 million for Phase 1 is financed with the assistance of a grant from the US Bureau of Reclamation covering 25 percent of the project costs. The remainder was funded through the sale of revenue bonds and a lowinterest loan from the state. The revenue bonds are backed by the sewer rate charges. Since 1989, sewer rate charges have increased by more than 50 percent. These increases were necessary to cover the cost of the recycled-water project and the costs of complying with the discharge permit established by the RWQCB [5] . Revenue from recycled water sales is expected to be sufficient to cover annual operating and maintenance costs but not annual debt service on the capital costs.
Evaluation of success Making connections: linking water supply and wastewater: Simply speaking, this project was motivated by a regulatory mandate. However, the project selection was largely due to the multiple benefits water recycling offered over building a discharge outfall. The water-recycling program, in combination with conservation programs, offered a long-term solution to the discharge problem as well as an alternative water supply. The recycled water project is thus both a wastewater and a water supply project. This connection lays the foundation not only for evaluating the project based on both benefits, but also for establishing the new agency partnerships and cooperation necessary for implementation.
SBWR is an example of increased agency cooperation and coordination with cities and agencies. It is an example of a wastewater treatment plant taking on water supply activities, requiring local interjurisdictional agreements with water wholesalers and retailers. Expansion of the program into Phase 2 is expected to increase use for recycled water by extending the system to other large landscape, industrial, and agricultural customers, especially those located near the southern edge of the service area. A master plan is now under development to provide for reuse of up to 378,484 m 3 /d by 2020 (Rosenblum, 1998) . Substituting for potable supplies: as with all recycled water projects, SBWR promotes a better match between water quality and end use, allowing for substitution of potable water use for landscape irrigation and industrial uses. The current customer list projects a near-term saving of up to 12.3 million cubic meters per year in substituted potable water. The majority (90 percent) of the Phase 1 customers use recycled water for landscape irrigation (Table VI) . A significant number of the Phase 1 customers are using recycled water in place of groundwater.
Affordability/equity: SBWR has taken full advantage of state and federal assistance, and has spread the remaining costs over its own sewer rate base and its water sales to retailers. Revenue from sales and the rebate offered by the SCVWD will offset the plant's operating and maintenance costs. While in the shorter-term project revenue fails to pay for all costs (water sales are not expected to cover the debt service on the capital costs), the SBWR project was undertaken with the long-term benefits in mind. Recycled water offers a longterm stream of revenue, and the value of recycled water is expected to increase as potable supplies become more scarce. On the water supply side, recycled water projects can be part of a costeffective strategy, provided that recycled water is properly valued. Again, this relies on valuing the multiple benefits of the recycled water, including reduction of the wastewater stream, provision of alternative supply, particularly in drought conditions, and environmental benefits. Water users benefit from lower recycled water rates compared to potable water rates and the improved reliability of supplies during times of drought.
Conclusions
It is estimated that California produces 3.1 to 3.7 billion cubic meters of wastewater each year. Incidental reuse occurs all the time as wastewater is discharged into California waterways and used downstream. Planned recycling projects provide the opportunity to divert and reduce some of the discharge, as well as to provide a substitute for potable supplies, stretching current potable supplies further by better matching use with water quality needs. These projects provide water agencies with greater flexibility and reliability in managing supplies and meeting demand. Barriers to recycled-water project include the cost, institutional barriers that separate water supply and wastewater functions, slow regulatory response in permitting, recognizing new technology, and expanded uses, and the need to educate policy makers, water agencies, regulators, customers, and the public.
Despite these barriers, recycled water use continues to grow. Three case studies illustrate the success that water agencies have had in providing recycled water for diverse uses. Common elements to successful implementation demonstrate the importance of working with the numerous stakeholders throughout the process and bringing them in as early as possible. Successful projects spent considerable time identifying the stakeholders and working with them to address their concerns. Particular attention was paid to working with water retailers and customers to address cost and revenue concerns. Each also established different forums to communicate and coordinate with stakeholders. Education played an important role in bringing actors together, marketing services, and engendering support. It was particularly important in securing the agreement of utilities and retailers to support the incentives and in promoting water recycling among customers. Finally, projects relied on large volume users to support a more cost-effective design.
Support for reuse has grown as the need for making better use of our existing supplies has grown. The past decade has seen a significant growth in the volume of water recycling taking place, as well as an expansion of uses for recycled water. As California continues to grapple with the challenges of meeting current and future water demands, water recycling has an important role to play.
Notes
1. The California Organic Foods Act of 1990 defines standards for organically grown foods in California. Permissible and prohibited materials, purity of inputs and products, types of record-keeping, and procedures for registration are defined or listed as quantitatively as possible. A grower or rancher that meets all organic standards can register with the state as organic, but the state has no verification or enforcement capacity. The California Organic Foods Act does not directly address the use of recycled water. 2. There are now a half-dozen established third-party agencies that inspect farms and certify that a grower is meeting the terms of the California Organic Foods Act. Independent certification is voluntary for an organic grower, but many processors and customers restrict their purchases to certified organic foods. Some of these certifying organizations say they have no defined policy about use of tertiary-treated recycled water, and would evaluate applications involving recycled water on a case-by-case basis. Others suggested they would require more rigorous testing of applied recycled water than a standard application. However, if a farm using recycled water met all organic standards, an organic certification would be issued. 3. California Certified Organic Farmers has a policy limiting organic certification to restricted uses of recycled water. Their policy parallels state regulations for food crops, except for tertiary-treated water. If a farm met their organic standards, they would certify pasture irrigated with secondary-treated water, and crops grown with tertiary-treated water that does not come into contact with the edible portion of the crop, such as strawberries on subsurface drip irrigation systems. However, the membership and certification committee of CCOF is more restrictive than California's Title 22 about application of tertiary-treated water to the edible portion of a crop. A root crop or vegetable crop irrigated by a sprinkler system using tertiary-treated water meets Title 22 restrictions, but cannot be certified by CCOF. CCOF says that, although there is room for negotiation and mutual education with every application, such a certification would not be issued without policy change. 4. The dry weather months were specified since that is when grasses associated with the endangered species' habitat seed and establish themselves, and thus habitat formation and maintenance are most vulnerable. Dry weather months are May through October. 5. The RWQCB required, among other things, that the San Jose/Santa Clara Water Pollution Control Plant reduce its copper mass discharges, implement a source control program to reduce metals, perform wetlands mitigation, and establish a water conservation program.
